Problem Based Learning (PBL) is a learning and teaching strategy which endeavours to promote active learning by giving control of the process to the learner. This involves using open-ended and unstructured problems to trigger learning. The students have to analyse the problems, decide what they need to know and, having gained the knowledge, develop appropriate solutions. Group work is an integral part of the strategy, with the sharing and evaluation of learning forming an essential element in the development of solutions. As the students are given control over the detailed curriculum and are required to evaluate and apply their learning, a greater sense of ownership is engendered than would be by the more traditional education process. This, coupled with the excitement of exploration inherent in PBL, creates a noticeable 'buzz' among the learners.
Introduction
This paper describes the introduction of Problem Based Learning (PBL) within a ten credit final year design engineering unit on a BSc (Hons) Design Engineering programme at Bournemouth University. The approach has now been used for three years with cohort sizes of 17-20 students. Although the students were mostly full-time the cohorts have included a small number of part-time students who were also working in industry. This paper will detail the implementation of PBL, provide an overview of the extensive evaluation that has taken place with both the students and the tutor involved and explore the implications of the approach in the context of a programme that is otherwise delivered in the traditional way of lectures and laboratories. The evaluation carried out indicates that students like the approach, and an almost 100% attendance over the three years points to high levels of motivation. It was also noticed that a distinct 'buzz' surrounded the student learning activities.
Background
Problem Based Learning was taken as the theme for the School of Design, Engineering and Computing's learning and teaching development day in summer 2003. The keynote speaker, Charles Engel, introduced the notion of PBL and speakers from the University of Strathclyde and the University of Manchester described different models of introduction and implementation of this approach. Following this event, Christopher Benjamin (Electronics tutor), with the support of Chris Keenan (Learning and Teaching), decided to introduce a PBL approach to the delivery of a final year unit of the Design Engineering programme. The tutor had a commitment to enhance student learning in this way, but his reasons were also pragmatic. After discussions with colleagues who knew the students well he believed that this approach would suit the learning styles of the cohort. He had also been asked to teach the unit at short notice and had no existing materials, lectures or other resources to draw upon. It seemed to be a good opportunity to introduce a problem-based approach in a relatively small, manageable and semistructured way.
Implementation
The first session, led by the tutor and the educational developer, began with a general discussion about the module and an exploration of the nature of and process involved in PBL. The tutor introduced himself and the educational developer and explained how they would both be interacting with the students. The cohort was then divided into small groups and the first problem introduced.
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This problem was a high-level investigation of a technical subject, especially suited to the background of the cohort, and was designed to last one week.
The educational developer spent the remainder of the first session with the students who were free to ask questions, express their feelings and make any comments. These ranged from concern about "lack of structure" (full time student) to "no worries, this is how it happens at work" (part-time student).
The four subsequent problems were of a two or three week duration, giving the students the opportunity to go round the 'identify, learn, evaluate and apply' cycle more than once. At the end of each problem the students disseminated their solutions to the whole group through short presentations. For the last two years the groups have also been asked to produce a short report for each problem to supplement their presentations.
Three hours per week were timetabled for the unit, of which up to one hour was spent with the tutor. The students were then free to use the remaining time in whichever way they felt most appropriate. In the first year of implementation each problem was designed to be inherently structured and to be part of an overall structure. This overall structure consisted of the design of a CNC drill to be used in the production of printed circuit boards. Each problem addressed part of the design and was built on the solution of the preceding problem. Although each problem could be tackled independently, the overall structure offered a measure of direction and context. An example of the problems set in the first year is:
"What would be the best way of providing linear drive for the CNC drill? Consider the advantages and disadvantages of several transmission systems and select the most appropriate for the system under consideration."
In the second year of implementation the overall structure was removed, with each problem being presented as an independent exercise, and in the third year the problems were modified in such a way that the inherent structure was removed. This has resulted in problems that are open-ended and unstructured, designed to motivate learning, but not limit it. 
Evaluation
Weekly feedback sessions were undertaken with the first cohort to ensure that students felt confident and comfortable with the approach being adopted. One student said he missed having a detailed unit guide outlining the weekly progression of the unit. This led to some discussion about the open-ended and student-directed curriculum and, interestingly, the student commented that "yes, I've been institutionalised, haven't I" and became more relaxed about his former concern. Generally, students indicated that feedback on their presentations provided them with a sense of security that they were 'on the right track'. For the first two years of the pilot study, all students (n=19 in 2003/04, n=17 in 2004/05) were interviewed immediately following the final session in order to get their feedback and feelings about the problem based approach to learning.
The interview method used was Student Nominal Group Technique (NGT) and the unit tutor was not present. The students were reminded about the objectives of the PBL approach and asked if they would agree to contribute to the evaluation process by answering a questionnaire and contributing to discussion. They were advised that all individual comments would be recorded anonymously and without any possible method of tracking to an individual. They were advised that their responses would be used to form the basis of an evaluation of the approach taken and would be written up. All students agreed to take part and they asked if it would be possible to see the paper when complete. This was agreed.
Students were asked to complete a questionnaire without reference to anyone else so that their own private responses would be recorded. Students' understanding of PBL was explored; for example, the first part of the questionnaire asked "what does problem Other comments included:
• "Learning was self motivated" • "You get an improved background knowledge" • "Researching more -exploring other areas" • "As the research was done by ourselves we had a wider understanding of the material"
A surprising and unexpected outcome from the final feedback session with students was that there had been problems within the groups in terms of communication, equal contribution and collaboration. This had not been obvious during the weekly presentations at all, but demonstrates that students were able to articulate and manage this problem themselves without our intervention.
Students were also asked to think about how this way of learning differed from ways in which they had engaged with learning before. Initially, students expressed a concern about lack of structure, and feedback from the questionnaire reflects this. The 'top two' hindrances of a PBL approach according to the students were:
• "Problems too vague."
• "Limited time available because of demands of other final year units."
Implementation implications
As the nature of PBL is radically different to the traditional learning and teaching model the implications of incorporating it within a traditionally taught course are equally drastic. Some become immediately evident when embarking on the PBL process, others surface on reflection and some take time to emerge.
One of the key hurdles to overcome is the ingrained belief that education must always follow the traditional learning and teaching model of the teacher being the expert and therefore determining the curriculum and delivering the material in a form the student can assimilate. Consequently, the learner becomes a passive recipient of what is assumed to be appropriate content. As this model is generally used throughout the UK education system, with perhaps the exception of the very early years, students find it unnerving to be asked not only to decide themselves what they need to learn but to also assess the relevance of their learning and apply it to a problem which does not necessarily have a single 'right answer'. The experience gained over the past three years has shown that students need a clear and thorough induction at the beginning of the process, followed by continued support to counter feelings of insecurity, allay worries about progress and encourage continued exploration.
Not only does the PBL approach challenge the role of the student but it equally challenges the teacher. Most teachers join the profession because they have a passion for teaching. It is what they love to do, as well as what they are paid to do. Therefore to have this role apparently taken away can be disturbing and the cause of much anxiety. Staff say "If I'm not teaching then I'm not doing my job", and this, coupled with the feeling that students are therefore not learning, makes relinquishing control over the education process very difficult. PBL demands a level of belief in the process that traditional learning and teaching places in the teacher's ability to teach. We found that the tutor required significant support in overcoming these feelings and remaining confident and committed to the process. Clearly a commitment from the whole course team is essential to the successful integration of PBL since extra cause for concern from colleagues over the process could be damagingly disheartening.
As the traditional educational model centres on the 'expert' instructing the 'learner' then any problems set for the learners to practise with tend to have a right answer and often a right way of arriving at the answer. However, the problems used in PBL must encourage the student to explore the knowledge space and therefore need to be open-ended and unstructured. Experience has shown this to be the hardest part to get right. Our approach, of a gradual development of suitable problems, has been beneficial, but this may not always be possible. The starting point for the formulation of problems must be the intended learning outcomes for the unit, but the tendency to use problems that have a 'hidden' detailed curriculum within them must be resisted. Studying problems used by others has assisted in understanding the nature of an effective problem.
For the first two years of implementation assessment was by end-of-unit examination. From the start we believed this was unsatisfactory, as the students decide on the detailed curriculum as the unit progresses. This clearly renders examination preparation difficult, if not impossible. The semi-structured approach to the problems adopted at first helped to alleviate this, but preparing an appropriate examination was far from straightforward.
In the third year of implementation it was decided to change the mode of assessment to 100% coursework. As the students were already required to produce a presentation and report for each problem it was agreed that these would be assessed in terms of group marks and, coupled with peer assessment, individual marks.
Physical resources play an important part in creating an effective learning environment.
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Traditional lecture theatres, and many seminar and tutorial facilities, tend to direct attention towards teaching rather than learning by making the teaching space the focus of attention. For PBL, an environment which emphasises learning as the key activity is essential. Circular tables for small group work are ideal with appropriate resources to maximise group interaction. Resources can range from providing small portable whiteboards for 'brainstorming' activities to adequate access to e-journals. Relinquishing control over the detailed curriculum means the nature of any resources, with respect to books etc, must also change. When teaching to a defined syllabus, appropriate materials can be selected and provided, but if it is not known what will be learnt then materials selection becomes problematic. Easy and convenient access to library facilities becomes invaluable, otherwise over-reliance on the internet can be engendered.
As with resources, so with timetabling. The weekly one hour lecture and two hour laboratory structure is far from ideal for maximising the impact of PBL. Within any given problem the students will meet in their groups to share their learning before evaluating, applying, generating and synthesising their solutions. To optimise the benefits of PBL this process will need to be repeated at least once.
To do this on a weekly cycle could result in the process becoming too protracted and run the risk of undermining its impact. Regular and frequent sessions in which the groups meet to share their learning are essential. Whether this is best done using a three hour dedicated session, where students have the resource of the timetabling to allow free use of rooms, or by three separate one hour long sessions, each week demands considerable thought and planning.
One reason for choosing this final year unit to trial PBL was that no other unit was dependent on it in terms of providing pre-requisite knowledge and experience. Care needs to be taken when integrating PBL so as not to disadvantage other units, both those running concurrently and those at higher levels, which may require certain material to have been learnt.
Roles of the tutor and student
As discussed above, the tutor expressed an initial sense of insecurity. He described his feelings of concern in letting go of the curriculum content, of not knowing exactly what would be happening next, and concern not just about whether students would cover the range of the curriculum but, given that the curriculum became broadly student directed, which curriculum it would be.
The experience has shown that the role of the tutor is central to the success of PBL. Students need to feel safe. Therefore a significant amount of feedback was built into the sessions with the students, particularly during the first pilot, so that their progress could be closely monitored. These feedback sessions were carried out on a weekly basis independently of the tutor by the learning and teaching support officer. There were also weekly feedback sessions with the tutor as it was felt that it would be helpful and interesting to record the progress of the pilot in some detail as it happened.
The tutor needs to be more than a facilitator. The tutor becomes a metacognitive coach (Stepien et al., 1993) , providing the scaffolding that helps students support and build on their own knowledge. By asking questions such as "what is going on here?" and "what do we need to know more about?" the tutor is setting the scene for exploration and discovery rather than simply transmitting content.
Students engaged with each other and their tutor in a learning partnership. It was noticed that their 'communities of practice' reflected all of the 14 characteristics identified by Wenger (1998) , for example, they "sustained mutual relationships -harmonious or conflictual", they "shared ways of engaging ingoing things together", there was an "absence of introductory preambles, as if conversations and interactions were merely the continuation of an ongoing process" and they developed "the ability to assess the appropriateness of actions and products". Engel (1991) emphasised that PBL is about contextual, cumulative and integrated learning. Feedback from students indicates that they recognise this for themselves and understand how their knowledge is being constructed and applied to real life scenarios. This socio-cultural constructivist approach to contextual learning appears to have significant benefit in developing self-confident lifelong learners.
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The implications detailed above are those that may lead to PBL not achieving its full potential. There are of course many implications that are positive and desirable, all of which were the motivation for introducing a PBL approach. It was found, for example, that some students engaged with the PBL process to such an extent that they were spending too much time on the unit, to the possible detriment of their other studies.
Engineering students may well be described as pragmatic problem solvers and it may be that this approach allows their creativity to flourish. Applying creativity and collaboration to resolve the uncertainty and complexity of problems students identified for themselves seems to have been a key factor in creating the 'buzz' that we have come to associate with this approach.
Conclusions
This paper describes the implementation of PBL within a Design Engineering course and looks at some of the implications. The technique appears to have worked well with the final year students who had been used to a more traditional approach to learning and teaching.
An incremental approach to the implementation of PBL has allowed the many implications to be managed successfully and the impact of the strategy to be maximised. Throughout the development of this work careful monitoring of all aspects has been undertaken and the necessary support, encouragement and corrective action initiated when required. Some of the implications (for example, assessment) are virtually impossible to take action on in the short term and have had to be worked around. These are generally the issues that are not vital to the success of PBL but are desirable to enhance the experience. However, those that are vital must be managed; issues such
